Glomerular hyperfiltration is a characteristic feature of patients with newly diagnosed Type I (insulin-dependent) diabetes [1] , and the extent of this abnormality is associated with the prevailing level of hyperglycaemia [2] . A similar abnormality of glomerular function was reported in early Type II (non-insulindependent) diabetes [3, 4] but it cannot be attributed as convincingly to the initiation of diabetes. Not only is the onset of Type II diabetes more often insidious, but it is typically preceded by a variable period of impaired glucose tolerance (IGT) [5, 6] , a designation adopted by the World Health Organization to describe those who have abnormal glucose tolerance that is not diagnostic of diabetes, and who are at high risk of progression to diabetes [7] . To determine the rate of glomerular filtration (GFR) associated with IGT and the changes that occur with progression to Type II diabetes, we measured the urinary clearance of iothalamate serially over four years in 53 Pima Indians, 26 with IGT and 27 with normal glucose tolerance (NGT).
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Summary Glomerular filtration rate (iothalamate clearance) was measured serially for 48 months in 26 Pima Indians with impaired glucose tolerance and 27 with normal glucose tolerance. At baseline, the mean glomerular filtration rate (SEM) was 133 ± 8 ml/min in subjects with impaired glucose tolerance and 123 ± 5 ml/min in those with normal glucose tolerance (p = 0.12). In the 12 subjects with impaired glucose tolerance who progressed to Type II (non-insulin-dependent) diabetes during follow-up, mean glomerular filtration rate increased by 30 % (p = 0.011). Among the remaining 14 subjects with impaired glucose tolerance, 12 reverted to normoglycaemia.
The glomerular filtration rate both at baseline and after 48 months in this subgroup exceeded the values of subjects with normal glucose tolerance by 20 % (p = 0.008) and 14 % (p = 0.013), respectively. A pronounced rise in the glomerular filtration rate occurs at the onset of Type II diabetes but a trend to hyperfiltration is also present in those with impaired glucose tolerance. [Diabetologia (1999) 
42: 90±93]
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in women] and no evidence of nondiabetic renal disease. A fasting plasma glucose less than 7.8 mmol/l (140 mg/dl) and a 2-h post-load plasma glucose less than 7.8 mmol/l identified 27 subjects with NGT. Corresponding ranges of less than 7.8 mmol/l for fasting glucose and between 7.8 and 11.1 mmol/l (200 mg/dl) for 2 h glucose on two occasions identified 26 subjects with IGT [7] .
Glomerular function was measured in the subjects with NGT at baseline and after 48 months. Of the 25 subjects from the NGT group who had a final evaluation at 48 months, nine were excluded from analysis for the 48 months comparison as seven developed IGT and two developed diabetes. Oral glucose tolerance tests and measures of glomerular function were done annually over a 4 year period in those with IGT. Diabetes was diagnosed when fasting or 2 h post-load plasma glucose concentrations first equalled or exceeded 7.8 or 11.1 mmol/l, respectively [7] .
Each subject underwent renal clearance studies under conditions of water diuresis, as described previously [8] . GFR and renal plasma flow (RPF) were calculated as the average urinary clearances of iothalamate and para-aminohippuric acid, respectively. Concentrations of albumin and immunoglobulin G (IgG) in urine were measured by nephelometry, and excretion ratios relative to creatinine were computed. Mean arterial blood pressure (MAP) was measured at the beginning of the first clearance period.
Statistical analysis. Results are expressed as the means ± SEM, except for urinary protein excretion which was expressed as the median and range. Clinical features and measures of glomerular function were compared between groups by analysis of covariance, with adjustment for age and sex. Differences in median urinary albumin-to-creatinine and IgG-to-creatinine ratios, and in glomerular membrane variables were analyzed by non-parametric one-way analysis of variance. Changes in the variables monitored during follow-up were assessed by paired t-tests or by Wilcoxon signed rank tests, depending on their distribution.
Results
At baseline, the subjects with IGT (n = 26) were heavier (105 ± 5 vs 86 ± 4 kg; p = 0.006) and more obese, as judged by body mass index [39.2 ± 1.9 vs 31.7 ± 1.4 kg/m 2 ; p = 0.002), than those with NGT (n = 27). Mean age, MAP, fasting glucose concentration, and creatinine concentration were similar in both groups. The median urinary albumin-to-creatinine ratio was greater in subjects with IGT than in those with NGT (14 vs 6 mg/g; p = 0.057). Mean IgG-to-creatinine ratios were similar in both groups. Absolute GFR and RPF ± SEM were slightly higher in subjects with IGT than in those with NGT (133 ± 8 vs 123 ± 5 ml/min for GFR, 784 ± 45 vs 738 ± 30 ml/min for RPF), and these differences were no longer apparent when divided by body surface area [110 ± 6 vs 110 ± 4 ml × min ±1 × 1.73 m ±2 for GFR, 652 ± 35 vs 668 ± 29 ml × min ±1 × 1.73 m ±2 for RPF].
Among the 26 subjects with IGT at baseline who completed 48 months of follow-up, 12 developed Type II diabetes and were designated ªprogressorsº. Twelve of the subjects returned to a state of NGT and were designated ªnon-progressorsº. Two subjects did not have oral glucose tolerance tests after 48 months and could not be classified; they were excluded from the longitudinal analyses. Differences between the progressors and non-progressors are shown in Table 1 . The initial GFR was lower in those with IGT who developed Type II diabetes than in non-progressors (116 ± 9 vs 147 ± 10 ml/min; p = 0.003), as was the RPF (710 ± 54 vs 826 ± 72 ml/min; p = 0.019). The baseline GFR in the IGT non-progressors was significantly higher than in subjects with NGT; 147 ± 12 vs 123 ± 5 ml/min, respectively p = 0.008).
Of 30 GFR determinations made in the 12 progressors after the development of diabetes, 27 were above the baseline value, and 11 of the 12 subjects had higher values at the first examination after the onset of diabetes than at baseline (Fig. 1) . At 48 months, the GFR was above the baseline value in all but one of the 12 progressors. By contrast, GFR fluctuated rather evenly on either side of the baseline in the 12 non-progressors (Fig. 1) . The GFR remained higher in the non-progressors after 48 months than in the 16 subjects with persistent NGT (158 ± 8 vs 138 ± 7 ml/min; p = 0.013), although the differences were smaller when divided by the body surface area [133 ± 7 vs 123 ± 6 ml × min ±1 × 1.73 m ±2 ; p = 0.18). While the GFR was higher at 48 months than at baseline in 8 of the 12 non-progressors, with one exception this increase was modest. On the other hand, the GFR increased, on average by 30 % in the progressors. The rise in GFR in progressors was associated with an increase in RPF, whereas in the nonprogressors the RPF was lower. Neither MAP nor urinary albumin-to-creatinine or IgG-to-creatinine ratios changed substantially over 48 months in the progressors or non-progressors.
Discussion
Hyperfiltration is a characteristic feature of newly-diagnosed Type II diabetes [3, 4] , and this study shows that GFR increases, on average, by 30 % contemporaneously with the transition from IGT to Type II diabetes in Pima Indians. The precise mechanism by which diabetes mediates glomerular hyperfiltration, however, is not known. Micropuncture studies in the rat point to the development of glomerular capillary hypertension with an ensuing increase in filtration pressure. Our study suggests a similar phenomenon in humans, since the GFR increased by 30 % when subjects progressed from IGT to diabetes, whereas the corresponding increase in RPF averaged only 10 % (Table 1) . A simultaneous change in another determinant of GFR besides RPF, therefore, must be invoked to explain the observed enhancement of GFR, and an increase in glomerular capillary hydraulic pressure is a likely candidate.
Among the subjects with IGT who did not progress to diabetes, the absolute GFR at baseline was 20 % higher than in those with NGT, 147 ± 12 vs 123 ± 5 ml/min, and a difference of 14 % persisted after 48 months, 158 ± 8 vs 138 ± 7 ml/min, despite a fall in fasting blood glucose in these subjects. These differences in GFR are minimized when the standard practice of dividing the GFR by the body surface area is followed, but this ªcorrectionº may be inappropriate, particularly when differences in body surface area are primarily due to obesity. We cannot explain why the baseline GFR in the IGT group that progressed to diabetes was lower than that in the non-progressors but none of the subjects had any evidence of preexisting kidney disease on review of clinical records.
Glomerular hyperfiltration has been proposed as a precursor of chronic diabetic glomerular disease [9] .
The role of an increased GFR, however, is controversial and while it is associated with development of progressive renal disease in Type I diabetes [10] , it might not have a causal role. Indeed, in Pima Indians with Type II diabetes, increased GFR did not predict progression of renal disease over a 4-year period [8] . Nevertheless, a pronounced rise in the GFR does occur at the onset of Type II diabetes and a trend to hyperfiltration is also present in those with impaired glucose tolerance. The long-term effect of these haemodynamic changes on the development and course of renal disease in Type II diabetes remains to be determined.
